ThT chromatographic profiles of Isoaccepting tRNAs were analyzed at five time points during the 96 hr, dimethyl sulfoxide induced, erythroid-Uke differentiation of Friend leukemia cells. Sixty-four Isoaccepting species of tRNA for 16 amino adds were resolved by RPC-5 chromatography. The relative amounts of tRNAP n e, tRNA 1le , and tRNA val species were maintained by the cells during differentiation; whereas the relative amounts of some of the isoacceptor tRNAs for the other 13 amino adds changed significantly. Fluctuations 1n amounts of Isoacceptors occurred between 36 and 72 hr after addition of dimethylsulfoxide, corresponding to globin mRNA appearance and hemoglobin synthesis, respectively. In most cases, the predominant tRNA isoacceptors of uninduced cells were retained throughout differentiation. Notable exceptions were tRNA species for threonine, proline, and meth1on1ne. Some of the Isoacceptors occurring 1n relatively smaller amounts were not expressed at all times. These changes possibly reflect the cell's functional adaptation of tRNA 1n differentiation for hemoglobin synthesis.
INTRODUCTION
Protein biosynthesis appears to be controlled by regulation of translation as well as transcription. The Intracellular levels of specific species of tRNA are believed to be tightly correlated with the needs of the cell for various amounts of particular amino adds and certain anticodons in protein synthesis (1) . In order to study the specialization of tRNA content for protein synthesis, a number of different systems which synthesize predominantly one protein have been developed. These Include fibroin synthesis by silk worms (1,2), crystalUn synthesis by bovine lens tissue (3, 4) , hemoglobin synthesis 1n reticulocytes (5-7), and collagen synthesis in chicken embryos (8) (9) (10) . Evidence has already been presented which demonstrates that changes in tRNA Isoaccepting species are associated with differentiation, sporulation, phage and viral Infection, hormonal stimulation, malignant degeneration, as well as with different cell culture conditions. (For reviews, see reference #11). However, the significance of a multiplicity of Isoaccepting species of eucaryotic tRNA redundant for the 61 translated coding triplets still remains unclear. It 1s not clear yet to what extent the cell actually uses variations in specific tRNA levels or specific 1soaccept1ng forms of tRNA to, for Instance, control the relative rates of translation of different mRNA.
In order to study various aspects of translational control, our laboratory has Investigated the tRNA Isoaccepting species of a system consisting of a cloned cell line that 1s fully indudble for differentiation in culture. The alteration of 64 Isoaccepting species of tRNA for 16 amino acids coincident with Friend leukemia cell (F.L.C.) differentiation was studied by reversedphase piaskon chromatography. Concomitant with alterations of cellular functions in the transition between dividing, undifferentiated cells to nondividing, predominantly hemoglobin synthesizing cells, dramatic quantitative and qualitative changes in the distribution of tRNA Isoaccepting species would be expected. We have characterized these tRNA changes at five time points 1n the differentiation of F.L.C. Results for 47 Isoacceptors of tRNA for 12 amino adds are reported here. Changes 1n 17 Isoaccepting tRNA species for the four aminoacyl-tRNAs containing the hypermodified ribonucleoside Q are described separately in the adjoining paper (12) .
MATERIALS AND METHODS
Materials. A cloned line of Friend leukemia cells (F.L.C.) designated as GM86 (clone 745A) was obtained from Human Genetic Mutant Repository (Camden, NJ).
The biology of this cell line including its erythro1d-like differentiation has been reviewed (13 Cell Culture and Erythroid Induction with Dimethylsulfoxide (DMSO): Cultures were maintained in Eagle's minimum essential medi um supplemented with 10X fetal calf serum (GIBCO) at 37°C under an atmosphere of 95J air, 5% C0 2 .
Friend cells were induced to differentiate by growing them in the presence of 270 mM dimethylsulfoxide (14). Erythroid Induction was monitored by benzidine staining of Intact cell suspensions as described (15) .
Isolation of Transfer RNA: Transfer RNA was phenol extracted from F.L.C. and purified by DEAE-cellulose chromatography as described previously (16) (17) (18) .
Transfer RJW from rat liver served as Internal standard for the RPC-5 chromatography and was extracted as has been described (19) (20) and was found to be less than 15% for these preparations.
Aminoacyl-tRNA Synthetase Preparation: The aminoacyl-tRNA synthetase used throughout this work was obtained from Sephadex G 100 filtration of a 160,000xg
supernatant extract of rat liver as described (19) .
Aminoacylation: Aminoacylation of tRNA samples was carried out in a 0.5 ml reaction mixture containing: 0. (21) . Reversed-phase Chromatography: Plaskon CTFE was coated with adogen 464 by method C as described by Pearson et al. (22) . The RPC-5 column resin was packed Into a 0.9 x 40 cm high pressure Altex analytical column as described previously (23) . The column was equilibrated with 0.5 H NaCl buffer (0.01 M sodium acetate, pH 4, 0.01 M MgCl 2 , 0.001 M Na 2 EDTA, 3.0 mM 2-<nercaptoethanol and 0.5 M NaCl). Rat liver [ 14 C] or C^] lysyl-tRNA (6,000 CPM) was added to each sample as an Internal standard directly before sample injection. After injection of the sample the tRNA was eluted with a 100 ml linear gradient of 0.5 M to 1.0 M NaCl in the above buffer. The operation pressure was 200 PSI at a flow rate of 1 ml/min. Two hundred fractions of 0.5 ml were then collected directly Into scintillation vials. A volume of 4.5 ml of Triton X/toluene scintillation counting solution (3.2 g PPO and 0.08 g POPOP dissolved In 800 ml toluene and 400 ml Triton X-100) was then added to each vial and the sample radioactivity counted 1n a Packard Tricarb liquid scintillation counter. Throughout the work, the rat liver lysyl-tRNA Internal standard produced a consistent chromatographic profile. Isoaccepting tRNA separations were repro-ducible as determined from fifteen separate tRNA preparations, three from each of the five time points, being analyzed for each of the 16 amino adds.
RESULTS
Transfer RNA was Isolated from Friend leukemia cells (F. L. C.) In culture before the addition of the erythropoietic inducer, dimethylsufoxide, and 36 hr, 48 hr, 72 hr, and 96 hr afterward. Cultures of induced F.L.C. exhibited a growth lag during the initial 36-48 hr. Resumption of cell division at an enhanced rate enabled the Induced cultures to obtain a cell density comparable to that of uninduced cultures after 96 hr. An Increase 1n the number of hemoglobin producing cells, detected by positive benzidine staining, was seen as early as 48-60 hr after Induction. Each of the five isolated unfractionated tRNA preparations (0, 36, 48, 72 and 96 hr after addition of DMSO) was then separately aminoacylated with each of 16 radio-labelled amino adds: ala, asn, asp, cys, his, He, leu, lys, met, phe, pro, ser, thr, trp, tyr and val. Isoaccepting species of these 80 aminoacyl-tRNA preparations were then resolved by reversedphase plaskon chromatography. The internal standard of rat liver tRNA aminoacylated with The tRNAs for the 16 different amino adds were resolved Into 64 Isoaccepting species. However, the numbers of Isoacceptors and the relative amounts of each for particular ami noacyl-tRNAs were either constant, variable or extremely variable during differentiation of F.L.C. The Q-base containing tRNA, asp, asn, his, and tyr (24) , were among the most variable species. Changes in the Isoacceptors for these four aminoacyl-tRNAs and their extent of Q-modification over the period of erythroid differentiation are considered separately 1n the adjoining paper (12) .
The relative amounts of each Isoaccepting species of valyl-, Isoleucyl-, and phenylalanyl-tRNAs Isolated from cells at the five time points of erythroid differentiation mentioned above are summerized 1n Table I . The chromatographic profiles of these three tRNAs (profiles not shown) + reflect similar distributions of Isoaccepting species, and are not considered significantly altered during differentiation. Valyl-tRNA was resolved into two Isoaccepting species with an almost Identical distribution over the five time points. The resolution of the minor species of phenylalanyl-tRNA was rather poor. However, at +Chromatograph1c profiles not shown are available from the authors upon request. Table 2 . These nine aminoacyl-tRNAs exhibited more than 38 Isoaccepting species of which 27 were well resolved by the RPC-5 chromatography. Some of these species remained almost Minor Isoaccepting tRNA species appear transiently during differentiation of F.L.C. 1n nearly all the am1noacyl-tRNA chromatographic profiles. Since these minor species are only present during the differentiation process, they may be Involved 1n regulating the transition between non-hemoglob1n synthesizing and hemoglobin synthesizing stages of the cells. We have resolved 64 isoaccepting species of tRNA for 16 ami no adds as described here and the adjoining paper (12) . Therefore, we presume that more than 80 tRNA species are produced by F.L.C. for the 20 amino adds used 1n protein synthesis. The present study comparing Isoaccepting tRNA species during the 1n vitro Induced differentiation of a cloned cell line, provides additional Information concerning possible roles for tRNA spedes 1n differentiation. Identi-fication of the tRNA Isoacceptors that change during F.L.C. differentiation Is an Important first step 1n using this easily controlled, homogeneous population of cells for studying the role of tRNA 1n cell differentiation.
